Several potentially functional polymorphisms of CASP8 encoding an apoptotic enzyme, caspase 8, have been implicated in cancer risk, but individually published studies showed inconclusive results. We performed a meta-analysis of 23 publications with a total of 55 174 cancer cases and 59 336 controls from 55 individual studies. We summarized the data on the associations between three studied CASP8 polymorphisms (G>C D302H, -652 6N del and Ex14-271A>T) and cancer risk and performed subgroup analysis by ethnicity, cancer type, study design and etiology. We found that D302H CC and CG variant genotypes were associated with significantly reduced overall risk of cancers using conservative random genetic models [homozygote comparison: odds ratios (OR) 5 0.79; 95% confidence interval (CI): 0.69-0.92; dominant comparison: OR 5 0.93, 95% CI: 0.89-0.98; recessive comparison: OR 5 0.81, 95% CI: 0.71-0.93). In further stratified analyses, the reduced cancer risk remained for subgroups of Caucasians, breast or estrogen-related cancers, and hospital-or population-based studies, except for an elevated risk for brain tumors. Similarly, the -652 6N del polymorphism was also associated with significantly reduced overall risk of cancers (homozygote comparison: OR 5 0.84, 95% CI: 0.75-0.94; dominant comparison: OR 5 0.88, 95% CI: 0.81-0.96; recessive comparison: OR 5 0.90, 95% CI: 0.82-0.99) and all subgroups analyzed. However, the Ex14-271A>T polymorphism did not appear to have an effect on cancer risk. These results suggest that CASP8 D302H and -652 6N del polymorphisms are potential biomarkers for cancer risk.
Introduction
Apoptosis, also called programmed cell death, is important to maintain internal homeostasis by removing irreparable damaged cells. The caspase 8 protein regulates apoptosis, and it stimulates cell proliferation, malignant transformation and tumor progression as a result of its dysfunction or reduced activity (1) (2) (3) .
The human CASP8 gene contains at least 11 exons spanning $30 kb on human chromosome 2q33-34 (4), which is highly polymorphic. According to the dbSNP database (http://www.ncbi.nlm.nih.gov /SNP), CASP8 has at least 474 variants. Previous studies have mainly focused on three common CASP8 variants, including D302H (aspartate to histidine, G.C; rs1045485) of exon 10, a promoter six-nucleotide deletion/insertion (-652 6N del; rs3834129) and a nucleotide substitution in the 3#-untranslated region (Ex14-271A.T; rs13113), because they are probably to be functional. These variants may influence the interaction of the caspase 8 protein with other apoptosis-regulating molecules and consequently alter its expression or activation.
For example, the aspartate to histidine change at residue 302 on the surface of caspase 8 is hypothesized to influence its autoprocessing or interactions with antiapoptotic molecules, such as the fas-associated protein with death domain-like apoptosis regulator (CFLAR) (5) . The -652 6N del allele has been found to cause destruction of a binding site for the transcriptional activator Sp1, resulting in a reduced expression of the caspase 8 protein (6) . The Ex14-271A.T polymorphism leads to an amino acid change within the 3#-untranslated region, which contains regulatory sequences and binding sites that could alter the stability of messenger RNA transcripts (7) . Therefore, it is probably that these variants may contribute to the inter-individual difference in apoptotic activation induced by caspase 8 and modulate individual susceptibility to malignancies because of the varied ability to eliminate DNA-damaged cells.
Since reports of the association of CASP8 variants with cancer susceptibility from individual studies are not consistent (6, 8, 9) , and some recent meta-analysis analyzed such an association only for breast cancer (10) , with some sorts of simple combined analyses buried in several published papers (11) (12) (13) , we performed a comprehensive meta-analysis by including the most recent and relevant articles to identify statistical evidence of the association between CASP8 variants (i.e. D302H, -652 6N del and Ex14-271A.T) and risk of all cancers that have been investigated.
Materials and methods

Identification and eligibility of relevant studies
We searched for relevant papers published before 24 November 2009 in literature in English by using the electronic MEDLINE database with the following terms 'CASP8' or 'caspase 8', 'cancer', 'carcinoma', 'tumor' or 'tumour', 'neoplasm' and 'polymorphism' or 'variant'. References of the retrieved articles were also screened for original studies. We included all the case-control studies and cohort studies that investigated the association between CASP8 polymorphisms and cancer risk with genotyping data for at least one of three polymorphisms, CASP8 D302H, CASP8 À652 6N del and CASP8 Ex14-271A.T. Abstracts, unpublished reports and articles written in non-English language were not considered. Investigations in subjects with family cancer risks or cancer-prone disposition were also excluded. Additionally, when the case-control study was included by more than one article using the same case series, we selected the study that included the largest number of individuals.
Data extraction
We extracted the following information from each manuscript: author, year of publication, country of origin, cancer type, demographics, ethnicity, genotyping information and source of control groups (population-based, hospital-based or mixed controls). For studies including subjects of different ethnicities, data were extracted separately and categorized as Asians, Caucasians and others.
Statistical analysis
We performed a meta-analysis to estimate the risk [odds ratio (OR)] of cancer associated with respective CASP8 polymorphisms. In addition to the comparison among all subjects, we also performed stratification analyses by cancer type (if one cancer type contained less than three individual studies, it was combined into the 'other cancers' group), ethnicity and source of controls. Lung, bladder, esophageal, head and neck, and pancreatic cancers were defined as smoking-related cancers because tobacco smoking is an established risk factor for these cancers (14) (15) (16) (17) . In addition, given the roles of estrogens in the etiology of breast, cervical and ovarian cancers, these cancers were defined as estrogen related (18, 19) . We examined whether the CASP8 polymorphisms were associated with the risk of these cancers as a group as well.
We investigated the between-study heterogeneity by using the Cochran's Q-test, and the heterogeneity was considered significant, if P , 0.05 (20) . Values from single studies were combined using models of both random effects (DerSimonian Laird) and fixed effects (Mantel-Haenszel). Inverted funnel plots and the Egger's test were used to examine the influence of publication bias (linear regression analysis) (21) . We checked deviation from the HardyWeinberg equilibrium (HWE) among controls for each of CASP8 polymorphisms by a v 2 -test, with one degree of freedom. All the P values were two sided, and all analyses were done in Statistical Analysis System software (v.9.0; SAS Institute, Cary, NC) and Review Manager (v4.2; Oxford, UK).
Abbreviations: CI, confidence interval; HWE, Hardy-Weinberg equilibrium; OR, odds ratio. 
Meta-analyses database
We identified a total of 47 relevant publications after initial screening (as of 24 November 2009). Among these, 26 publications appeared to have met the inclusion criteria and were subjected to further examination. We excluded four publications because they did not provide detailed genotype data (22) , used subjects with family cancer history or cancer-prone disposition (23) (24) (25) or included overlapped data with other studies (25) . We also included the data from our study in head and neck cancer (26) . Therefore, our final data pooling consisted of 23 publications ( Figure 1 and Table I ), including 55 case-control studies because eight publications provided more than one individual study. Overall, there were 13 articles (including 40 case-control studies) for the CASP8 D302H polymorphism, 11 articles (including 16 case-control studies) for the CASP8 À652 6N del and 4 articles (including four case-control studies) for the CASP8 Ex14-271A.T. Of these, there were 34 population-based studies, 17 hospital-based studies, 3 studies with mixed controls and one case-control study nested in a cohort study (30) . There were 21 breast cancer studies, 11 ovary cancer studies, 11 brain tumor studies, 3 colorectal cancer studies, 2 studies with multiple cancer types and the others, which were categorized into the 'other cancers' group. Four of 55 case-control studies were conducted in Asians, one was conducted in Indians and the remaining 50 studies were conducted in Caucasians, of which the study by Haiman et al. (9) included multiple ethnicities. Cancers were confirmed histologically or pathologically in all the studies, except for the study by Cybulski, et al. (32) , which did not provide this information. CASP8 polymorphisms contribute to cancer susceptibility Different genotyping methods were used in these studies, including the classical polymerase chain reaction-restriction fragment length polymorphism assay or direct polymerase chain reaction sequencing in 11 of 55 studies, the TaqMan assay in 28 studies, the Illumina or fluorescent fragment analysis in the remaining studies, but three publications did not provide information about genotyping methods (Table I) .
Overall, the distribution of genotypes in the controls was consistent with HWE, except for the D302H polymorphism in three studies [Kuopio and Singapore and Swedish Breast Cancer Study contained in the study by Cox et al. (12) and New England based case-control study contained in the study by Ramus et al. (38) ] and the -652 6N del polymorphism in two studies [multiethnic cohort study and Los Angeles-based case-control studies contained in the study by Haiman et al. (9) ]. As some studies used the same control group (32) or selected study subjects from the same population (11,13), they were grouped as one in the meta-analyses of all subjects with exception of those stratified by tumor site.
Quantitative synthesis CASP8 G.C D302H The eligible studies included 33 064 cases and 37 127 control subjects, all of whom were Caucasians. The C or H allele frequency in Caucasians was 12.5% with 95% confidence interval (CI) between 11.8 and 13.2%. Overall, there was statistical evidence of an association between the reduced cancer risk and the minor variant C allele, when all eligible studies were pooled into the meta-analysis ( Table II ).
In the stratified analysis by cancer type, as shown in Table II , we found that individuals with the minor variant genotypes had a significantly lower risk of breast cancer but a higher risk of brain tumors. Significantly, reduced risk was also found to be associated with the minor variant genotypes in different genetic models among the estrogen-related cancers (Table II) . For the studies with population-based controls, the C allele was associated with a significantly decreased cancer risk in all genetic models (homozygote comparison: OR 5 0.74; 95% CI: 0.64-0.86; P 5 0.326 for heterogeneity, I 2 5 9%; dominant model: OR 5 0.95; 95% CI: 0.90-1.00; P 5 0.255 for heterogeneity, I 2 5 14%; recessive model: OR 5 0.76; 95% CI: 0.64-0.87; P 5 0.387 for heterogeneity, I 2 5 5%; Table II) . However, among studies with hospital-based controls, the association was only observed in the dominant model (OR 5 0.95; 95% CI: 0.90-1.00; P 5 0.032 for heterogeneity, I 2 5 51%). In terms of subgroup analysis by ethnicity, the result for Caucasian populations was Fig. 2 . Continued CASP8 polymorphisms contribute to cancer susceptibility the same as that of the overall population because these studies were all conducted in Caucasians.
There was no substantial between-study heterogeneity among the 40 studies of the CASP8 D302H polymorphism, except for the dominant model (v 2 5 65.6, df 5 39, P 5 0.005). The leave-one-out sensitivity procedure indicated that the study by Enjuanes et al. (33) was the main source of heterogeneity, exclusion of which effectively abrogated the heterogeneity (C/CþC/G versus G/G: P 5 0.080 for heterogeneity, I 2 5 25%) without significantly influencing the estimates of overall cancer risks. Although the genotype distribution in the studies of Kuopio Table III ). In the stratified analysis by tumor site, significantly reduced risks were found for colorectal cancer only in the dominant model (OR 5 0.89, 95% CI: 0.83-0.96, P 5 0.300 for heterogeneity, I 2 5 19%), in addition to breast and other cancer types in homozygote model (breast cancer: OR 5 0.87, 95% CI: 0.76-0.98, P 5 0.025 for heterogeneity, I 2 5 56%; other cancers: OR 5 0.76; 95% CI: 0.61-0.95, P , 0.001 for heterogeneity, I 2 5 73%). Further analyses demonstrated that the CASP8 À652 del allele was associated with significantly reduced cancer risks in nearly all subgroups, including ethnicities (Asians and Caucasians), studies with different sources of controls (hospital based or population based) and estrogen-or smoking-related cancers (Table III) .
Our meta-analysis indicated substantial heterogeneity among the overall 16 studies of the CASP8 À652 6N del polymorphism (del/del versus ins/ins: v 2 5 52.79, df 5 15; P , 0.001). The source of heterogeneity mainly came from sample sizes (P , 0.001), ethnicities (P , 0.001), sources of controls (P , 0.001) and tumor types (P , 0.001). The between-study heterogeneity for the CASP8 À652 6N del polymorphism in Asians mainly resulted from three independent studies by Sun et al., Yang et al. and Wang et al. (6, 37, 39) , exclusion of which elevated the OR substantially (del/delþdel/ins versus ins/ins: OR 5 1.06, 95% CI: 0.95-1.18, by fixed effects; P 5 0.677 for heterogeneity, I 2 5 0%). Exclusion of the two studies [multiethnic cohort study and Los Angeles-based case-control studies contained in the study by Haiman et al. (9) ], whose genotype distribution deviated from HWE, did not significantly change the corresponding pooled ORs. No single study influenced the pooled ORs qualitatively. No publication bias was detected by either the funnel plot (Figure 3) or the Egger's test (t 5 À1.85, P 5 0.086).
CASP8 Ex14-271A.T The eligible studies included 1973 cases and 2587 control subjects, all of whom were Caucasians. Our analysis did not provide any statistical evidence of an association between CASP8 Ex14-271A.T and overall cancer risks (Figure 2 and other data not shown). Further stratified analyses were not performed because of limited data for this polymorphism. There was no substantial heterogeneity among the four studies of the CASP8 Ex14-271A.T polymorphism (v 2 5 0.83, df 5 3, P 5 0.842). No publication bias was detected by either the funnel plot (Figure 3) or the Egger's test (t 5 À2.51, P 5 0.129). All above-mentioned analyses used crude ORs for comparisons because not all studies either provided information about the adjustment for other confounders or used the same set of confounders. Therefore, in two supplementary tables (supplementary Tables SI  and SII are available at Carcinogenesis Online), we also provided the comparisons of the pooling analyses of crude and adjusted ORs obtained from each study, using the homozygous genetic models. Overall, these results did not change the above-mentioned data substantially and did not change the conclusions. CASP8 polymorphisms contribute to cancer susceptibility
Discussion
In this meta-analysis, including a total of 55 174 cancer cases and 59 336 controls from 23 independent publications, we examined the association of three well-characterized polymorphisms (D302H, -652 6N del and Ex14-271A.T) of the CASP8 gene with cancer risk. We demonstrated that the minor alleles of the CASP8 D302H and À652 6N del polymorphisms were associated with a significant decrease in overall cancer risks, whereas the CASP8 Ex14-271A.T polymorphism did not appear to have an influence on cancer susceptibility. From stratification analyses, we found an effect modification of cancer risks by tumor site and source of study controls for CASP8 D302H, whereas the À652 6N del polymorphism showed a protective effect of cancer susceptibility in all the subgroups analyzed.
As an apical caspase, caspase 8 is central in initiating a caspase cascade upon receipt of apoptosis signaling from a death receptorligand interaction (42) . The present meta-analysis supports a significant impact of CASP8 polymorphisms on overall cancer risks, particularly showing a protective effect of D302H and À652 6N del polymorphisms against cancer development. Although the À652 6N del variant was associated with a decrease in caspase 8 expression, which might favor an increased cancer susceptibility, one study has shown that T-lymphocytes carrying the À652 6N del variant have significant lower caspase 8 activity and activationinduced cell death upon stimulation with cancer cell antigens (6) . Therefore, individuals with the deletion variant may be less susceptible to cancer development, probably because of the powerful and effective immune surveillance of malignant cells by T-lymphocytes. As for the CASP8 D302H polymorphism, its biological functions have not yet been clarified but presumed to affect interaction of caspase 8 with its regulating proteins (5).
Tumor origins could have different susceptibility conferred by CASP8 polymorphisms, as demonstrated by the association of the 302H minor allele with an elevated risk of developing brain tumors but lower risk of breast cancer. Recently, inactivation of the caspase 8 expression by hypermethylation of regulatory sequences of the CASP8 gene was found in relapsed glioblastoma multiforme (43) , whereas restoration of caspase 8 expression sensitized resistant tumor cells to death receptor or drug-induced apoptosis (44) . These findings supported a protective role of the caspase 8 protein in brain tumor development. Since biological function of the CASP8 D302H polymorphism has not yet been clarified, it remains unclear how the D302H polymorphism may produce such distinct opposite effects in different types of tumors. It may involve the mechanisms by which caspase 8 regulates apoptosis sensitivity of different cancer cells. However, it is probably that the opposite finding in brain tumors may be by chance because most of the data of brain tumor came from the same study population of Northern Europe (11, 13) .
Both tobacco and estrogen may cause genetic alterations and promote cell proliferation. Tobacco smoke is a well-characterized risk factor for cancer of different organs (45) , whereas estrogen stimulates cell mitotic activity and carcinogenesis, especially for the breasts and ovaries (19, 46) . In the subgroup analysis, the modification of tumor susceptibility by CASP8 D302H and À652 6N del polymorphisms was more pronounced among smoking-or estrogen-related cancers, compared with other cancer types. This difference could be due to limited statistical power as a result of small sample size of other cancer types or different carcinogenic mechanisms underlying the etiology of different cancer types. It may also suggest that cells with a high apoptotic rate are more probably to be influenced by CASP8 polymorphisms, since both tobacco and estrogen have been found to induce caspase activation and apoptosis through the nuclear factorkappaB pathway (47, 48) . Further investigations are required to validate the results of the present meta-analysis.
Ethnicity may influence tumor susceptibility by different genetic backgrounds and environmental exposures through gene-gene and gene-environmental interactions (49) . Studies whose controls were selected from hospitals tended to have underestimated cancer risks because of inherent selection bias due to the fact that such controls may not be the representative of the general population. In the present meta-analysis, the association between the CASP8 D302H polymorphism and cancer risk was stronger among population-based studies than that among hospital-based ones. In addition, the protective effect of the CASP À652 6N del polymorphism was more pronounced in Asians than in Caucasians, despite a higher frequency of the del allele in the latter. These results suggest that the characteristics of study subjects, such as ethnicity and source of control subjects, need to be carefully documented and considered when examining the role of genetic polymorphisms in cancer risk.
In interpreting our results of the current meta-analysis, some limitations need to be addressed. Firstly, although the funnel plot and Egger's test did not show any publication bias, selection bias could have occurred because only studies published in English were included. For example, for the CASP8 D302H polymorphism, no published data were available for Asian populations in English literature, probably because this variant is rare in Asian populations (6) . Secondly, there was significant between-study heterogeneity from studies of the À652 6N del polymorphism, and the genotype distribution also showed deviation from HWE in some studies. In addition, the numbers of published studies were still not sufficiently large for the analysis of some particular cancer sites. Thirdly, our meta-analysis was based on unadjusted OR estimates because not all published studies presented adjusted ORs or when they did, the ORs were not adjusted by the same potential confounders, such as age, sex, ethnicity and exposures. Without the original data from each published study, we did try to calculate the summary ORs using adjusted ORs if provided in the original papers. There were no substantial changes in the pooled ORs with or without adjustment, except for the stratified analysis of breast and estrogen-related cancers in the À652 6N del polymorphism in the random effect model (homozygote comparison: OR 5 0.87, 95% CI: 0.72-1.05; OR 5 0.85, 95% CI: 0.68-1.05, respectively), which showed slightly wider 95% CIs, possibly owing to the reduced sample size used in the pooled adjusted analysis. Given these results, our conclusions should be interpreted cautiously.
In summary, our meta-analysis supports an association between minor variants of the CASP8 D302H and À652 6N del polymorphisms and reduced cancer risks. The influence of the D302H polymorphism on tumor susceptibility may also be tumor site dependent. Future studies with large sample sizes and tissue-specific biological characterization are required to confirm current findings.
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